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METHOD FOR ACTUATING A WHEEL BRAKE ASSEMBLY, IN PARTICULAR AN 
ELECTROMECHANICAL WHEEL BRAKE ASSEMBLY OR A MECHANICAL 
SYSTEM INVOLVING FRICTION AND HAVING SPRING ELASTICITY 

[0001] Prior Art 



[0002] The invention relates to a method for actuating a wheel brake assembly, in 
particular an electromechanical wheel brake assembly or a mechanical system 
involving friction and having spring elasticity. 

[0003] For the sake of clear illustration, the invention will be explained below 
concretely in terms of the actuation of an electromechanical wheel brake assembly. 
However, the invention is not intended to be limited to electromechanical wheel 
brake assemblies; for instance, the method of the invention is applicable to hydraulic 
or pneumatic wheel brake assemblies, especially if they are actuated by external 
force, and generally to mechanical systems involving friction and having spring 
elasticity. 

[0004] Electromechanical wheel brake assemblies are known per se. For example, 
see German Patent Disclosure DE 42 29 042 A1. The known electromechanical 
wheel brake assemblies have an electric motor, whose rotary motion is transmitted 
by a gear to a rotation/translation conversion gear, typically a spindle drive, with 
which a friction brake lining can be pressed (tightening) against a brake body, 
connected in a manner fixed against relative rotation to a vehicle wheel, such as a 



brake disk or a brake drum, and lifted again (releasing). To convert the rotary 
motion of the electric motor into a translational motion for exerting pressure on the 
brake lining, a cam can for instance also be used. It is also known to embody a rotor 
of the electric motor as a nut of the spindle drive and to dispense with the gear 
between the electric motor and the spindle drive. 

[0005] For braking, in the known electromechanical wheel brake assemblies the 
electric motor is supplied with current in the tightening direction, until a desired 
braking force is reached. The braking force can be increased until such time as a 
quasi-static terminal state is attained, at which a torque of the electric motor, at 
maximum current supply, no longer suffices to increase the contact pressure of the 
friction brake lining against the brake body any further. 

[0006] Advantages of^ne Invention 

[0007] The method offthe invention having the characteristics of claim 1 has the 
advantage that the^braking force of the wheel brake assembly can be increased 
beyond the vakie that it has in the quasi-static terminal state, and the braking action 
is improved ^Substantially. 

[0008] Another advantage of the method of the invention is that it requires no 
external measurement or input signals, such as the braking force exerted by the 
wheel brake assembly, in order to be performed. Sensors that measure the contact 
pressure of the friction brake lining at the brake body, or perform similar actions, can 




therefore be omitted. The method of the invention can be employed in an existing 
and in particular electromechanical wheel brake assembly, without having to make 
such modifications as mounting a sensor on the wheel brake assembly. 

[0009] In fading as well, that is, when the braking force of the wheel brake assembly 
fades as a consequence of overheating, the method of the invention can be 
employed to advantage to regain or even exceed the braking force that existed 
before the fading occurred. 

[0010] The invention is based on the following thought: The wheel brake assembly 
is not absolutely rigid; even when embodied stiffly, it has some elasticity, against 
which the electric motor tightens the whfeel brake assembly. The electric motor upon 
tightening must also overcome friction^ for instance of the gear and the spindle drive, 
and because of the increasing force/s, this friction increases as the tightening 
increases. At a high tightening force, the friction is high; that is, a not insignificant 
proportion of the torque of the <§lectric motor is consumed to overcome the friction, 
and only the torque of the electric motor beyond that proportion increases the 
tightening force further. Wnen the quasi-static terminal state is reached, the moving 
parts of the wheel brake/assembly come to a stop, and the friction changes into 
static friction, which i^higher. A further increase in the braking force would be 
possible then only imhe torque of the electric motor could be increased so far that 
the static friction isf overcome, and that the moving parts of the wheel brake 
assembly move^gain. 
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[001 1] Since the torque of the electric motor cannot be increased arbitrarily, in the 
method of the invention a different course has been taken: To increase the braking 
force further once the quasi-static terminal state has been reached, the wheel brake 
assembly is actuated for a brief period of time in the release direction and then re- 
5 tightened. By the actuation in the release direction, and specifically with 

reinforcement from the elasticity of the wheel brake assembly rather than counter to 
the elasticity, the static friction is overcome, and the moving parts of the wheel brake 
assembly are put into motion again. After that, the wheel brake assembly is 
b tightened again, and the braking force is greater than in the quasi-static terminal 
tb state, since the static friction need not be overcome; instead, the electric motor 

operates counter to the lesser sliding friction. The method can be repeated multiple 
times, in order to increase the braking force further in increments. In experiments, it 
was possible to increase the braking force by approximately one-third compared to 
the value in the quasi-static terminal state. 
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[0012] For actuating the wheel brake assembly in the release direction, the electric 
motor need not necessarily be supplied with current in the release direction; often, it 
suffices to interrupt its current suojMy or reduce it, before the electric motor is again 
acted upon with maximum curi^nt supply in the tightening direction in order to re- 
tighten the wheel brake assembly. Nor is the wheel brake assembly actually 
20 released; instead, the actuation in the release direction is so brief that the braking 
force is reduced, if at afl, only imperceptibly. It is not the goal of the invention to 
reduce the braking force of the wheel brake assembly temporarily and then increase 
it again; instead, py actuating the wheel brake assembly in the release direction, any 
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stresses in bearings, gears, guides and the like, wbfich can occur in the quasi-static 
terminal state because of the high tightening force of the wheel brake assembly, are 
meant to be reversed, and the static friction is tb be overcome. An explanation for 
why the braking force of the wheel brake assembly does not decrease despite a 
brief actuation in the release direction coulcybe hysteresis resulting from the 
elasticity of the wheel brake assembly. Iniiny case, in experiments, no loss of 
braking force during the brief actuation of the wheel brake assembly in the release 
direction was measurable. This can be^due to the fact either that the braking force 
in fact did not decrease, or that the decrease in braking force was less than the 
measurement precision and hence was insignificant. A perceptible reduction in the 
braking force during the actuation of the wheel brake assembly in the release 
direction would be quite worrisome to a driver and would moreover lengthen the 
braking distance, which should yoe avoided and is unwanted according to the 
invention. What is meant by the expression in claim 1 that the braking force is 
reduced if at all only imperceptibly is that the wheel brake assembly is actuated in 
the release direction only so briefly that any stresses in the drive of the wheel brake 
assembly will be reversed and the static friction will change into a sliding friction. 

[0013] The method c$f the invention can also be adopted for other mechanical 
systems involving friction and having spring elasticity and is not limited to wheel 
brake assemblies*. This is the subject of coordinate claim 2. The above 
explanations ocithe wheel brake assembly, in particular on the electromechanical 
wheel brake i&ssembly, logically apply here as well and will not be repeated at this 
point. / 




^ — 1 [0014] Advantageous features and refinements of the jnethod of the invention are 
the subject of the dependent claims. 

[0015] For increasing the braking force incrementally, the method according to the 
invention as defined by claim 3 is repeated multiple times. According to claim 4, the 
5 method is repeated after a predetermined tb affter the onset of the re- tightening. 
This has the advantage that there is no neeyfl to determine or wait for whether the 
wheel brake assembly, after being re-tightened, has already come to a stop. 

g According to claim 5, the method is repeated if the wheel brake assembly/the 

Q / 

y, system upon re-tightening has come to a stop or at least is virtually at a stop. In this 

*Q / 

way, each time the method is repeated a maximum increase in the braking force, or 

in the force exerted by the spring-mastic mechanical system that involves friction is 

attained. 
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[0016] Since the braking force, or the force exerted by the system, cannot be 
increased arbitrarily by the method of the invention but instead seeks to meet a limit 
value, the number of repetitions is limited in accordance with claim 6. 
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[0017] According to cteiim 7, a distance that an actuating element of the wheel brake 
assembly covers in its actuation in the release direction is used as a standard for the 
actuation in the release direction. If the actuating element has traveled a fixed 
distance in the release direction, then the wheel brake assembly/the system is re- 
tightened. The travel of the actuating element in the release direction accordingly 
determines ther brief period of time during which the wheel brake assembly/the 



system is actuated in the release direction. In this case, no time is measured. The 
actuating element can for instance be a rotor of the electric motor of the wheel brake 
assembly, which is rotated kfackward by a predetermined angle in order to actuate 
the wheel brake assemb^ in the release direction. 

[0018] Drawir 

[0019] The invention will be described in further detail below in terms of an , 
exemplary embodiment shown in the drawing. Shown are: 

[0020] Fig. l/ an overview of an electromechanical wheel brake assembly; and 

[0021] Fig. 2, a timing graph to illustrate the mode of operation of the method of the 
invention. 

[0022] Description of the Exemplary Embodiment 

[0023] Fig. 1 shows an overview of an electromechanical wheel brake assembly 10, 
known per se. Reference numeral 12 indicates an electronic control unit, which via 
an output line 14 controls an electric motor 16. The electric motor 16 is part of a 
brake actuator 18, which via a mechanical connection 20 actuates a brake device 
22, with which a brake body 24, such as a brake disk, which is connected to a 
vehicle wheel, not shown, in a manner fixed against relative rotation can be braked. 
As its input signal, the control unit 12 receives a signal of a brake pedal sensor 26, 



which measures a force by which a brake pedal is depressed, or a travel distance by 
which the brake pedal is depressed. 



[0024] In an experimental setup, not shown, for performing the method of the 
invention, the wheel brake assembly 10 had a plate wheel gear, which was drivable 
5 with the electric motor 16 and whose plate wheel was mounted in a manner fixed 
against relative rotation on a nut of a spindle drive. The plate wheel gear and the 
spindle drive form the brake actuator 18. With a spindle of the spindle drive, a 

h friction brake lining located in a brake caliper could be pressed against a brake disk 

S 

M> 24 of the wheel brake assembly, embodied as a disk brake assembly. The spindle 

Do forms the mechanical connection 20, while the brake caliper forms the brake device 

m 

^ 22. Because of the elasticity, especially of the brake caliper but also of the other 

pj components of the wheel brake assembly, that exist even in a rigid design, the 

p? : mechanical connection 20 can be thought of as a spring element. 

6 

[0025] Upon the usual actuation of the wheel brake assembly 1 0, as a function of 
is what the driver wants, the electric motor 16 is supplied with current in a tightening 
device until such time as a braking force dependent on what the driver wants is 
reached. The maximum attainable braking force occurs when the electric motor 16 
is subjected to a maximum current supply. It tightens the wheel brake assembly 10 
until its torque no longer suffices to increase the tightening force further. This is the 
2 o so-called quasi-static terminal state. 
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[0026] If the braking force is to be increased further, then according to the invention 
the wheel brake assembly 10 is actuated for a brief period of time in the release 
direction; for this purpose, it can suffice to interrupt the current supply to the electric 
motor 16 briefly, and there is no absolute necessity of supplying current to the 
electric motor 16 in the release direction. Next, the electric motor 16 is again 
supplied with maximum current in the tightening direction. By the brief actuation of 
the wheel brake assembly 10 in the release direction, any stresses existing in the 
brake actuator 18 because of the high tightening force have gone away, and a static 
friction, which ensues because of the stoppage of the wheel brake assembly 10 
once the quasi-static terminal state has been reached, has been overcome, 
specifically by utilizing the elasticity of the wheel brake assembly 10. In the ensuing 
re-tightening, an increased braking force is thereby attained, which is beyond that of 
the quasi-static terminal state. The period of time for actuating the wheel brake 
assembly 10 in the release direction is selected to be so brief that the braking force 
is either not reduced, or at most is reduced imperceptibly. 

[0027] For increasing the braking force further in increments, the method of the 
invention is repeated. The repetition can be done when the electric motor 16 and 
the brake actuator 18, upon re-tightening, are completely at a stop or nearly at a 
stop. The repetition of the method can also be done after a fixedly defined period of 
time, which can end even before the stoppage of the electric motor 16 and the brake 
actuator 18 upon re-tightening. 
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[0028] Even if the braking force of the wheel brake assembly 10 fades, for instance 
because of overheating (fading) during braking, by application of the method of the 
invention the braking force can be restored to its original value or even increased 
beyond it. The use of the method of the invention is not limited to electromechanical 
5 wheel brake assemblies; in particular, it can also be used for electrohydraulic or 
electropneumatic brake systems. The method of the invention is furthermore not 
limited to wheel brake assemblies; it can also be adopted in other mechanical 
systems involving friction and having spring elasticity. 

s 

[0029] A preferred realization of the method of the invention is for it to be 

m implemented as a program in a microcomputer of the control unit 12. 

CP 

|JJ [0030] The course of the method of the invention can be seen from the timing graph 

ry 

O in F '9- 2 - Here tne course °f tne contact pressure F of a friction brake lining against 

O 

the brake disk 24 is represented by a dot-dashed line, and a rotational angle w of a 
rotor of the electric motor 16 is plotted with a dashed line, both over the time t. The 

15 electromechanical wheel brake assembly 10 used in the experimentation has been 
described above at the beginning of the description of the exemplary embodiment. 
F 0 indicates the contact pressure of the friction brake lining against the brake disk at 
maximum current supplied to the electric motor 16, that is, in the quasi-static 
terminal state of the wheel brake assembly 10. To increase the contact pressure F 

20 further, in the experiment described the rotor of the electric motor 16 is rotated 

backward at time by an angle of approximately 15° in the release direction, and 
then the electric motor 16 was supplied with current again in the tightening direction. 
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As shown in Fig. 2, upon re- tightening, the rotor of the electric motor 16 rotates past 
its position in the quasi-static terminal state; the contact pressure F also increases in 
stages to a value F 1f which is greater than the contact pressure F 0 in the quasi-static 
terminal state. At time T 2> the rotor of the electric motor 16 has been rotated in 
reverse by 15° again, and then the electric motor has been subjected to maximum 
current supply once again, as a result of which the rotor has rotated onward again 
and the contact pressure F has been increased further to the value F 2 . By repetition 
of the method, the contact pressure F can be increased by approximately one-third, 
compared to the contact pressure F 0 in the quasi-static terminal state of the wheel 
brake assembly 10. The period of time of the reverse rotation of the rotor by 15° 
and of the ensuing forward rotation past the original position was approximately 15 
ms, and the chronological spacing between two repetitions was approximately 0.15 
to 0.2 seconds. 

[0031] The period of time during which the wheel brake assembly 10 is actuated in 
the release direction was determined in the experiment described by the angle by 
which the rotor of the erlectric motor 18 was rotated in reverse. 
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